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lyiETHOD AND DEVICE FOR DETECTING TIRE RUNNING STATE, AND 
lyiETHOD AND DEVICE FOR ESTffyiATfNG ROAD SURFACE STATE 

Abstract: 

PROBLEM TO BE SOLVED; To provide method and device for accurately detecting a 
rynning state of a tire such as a road siirfaoe state or existence of the tire. SOLUTION: 
This device 10 for detectSng the tire rynnmg state comprises a pressure sensor 11 that Is 
moynted to the tire or a wheel and detects air pressure in the tfre, a pressure varfatioo 
caScy fating means 13 that analyses time vanatlon of the air pressure detected by the 
pressure sensor 11 by frequency and ca^cutetes pressure variation in a piyraflty of 
frequency band regsons, and a detectmg means 14 of the lire mnnlnq state for detecting 
the running state of the tire based on the calculated pressure variatiorio The devsce 10 
detects a tire vibration varying with the road surface state or the state of the tire as 
pressure variation of the air to detect the running state of the tire. 
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[ft^^ii2] ^'>f^^5^u{ir^-Y -/latere "9 wt^^tL 

w^m.mmx'(7yK-mmm&m^^fd-zwmzm^LX}ic 

<7) . 2 0 0Hz jiiTtojSiS^=^«ji^-r'<7) jE^j^td*^ ^> ^ 
)£km.m-h9A^'im:m-m:m.mz^):. ^wm^^ 

[ft ^118 ] ±l21^t±lSiX7'cSflEiO . 1 0 0 H z 

(Ti^i'^m.ifi^^mM.-^fLfzm^m'kmi. fd!%^\,z\± . ^ 
fz^ t t:mib't^mm2'^mM7<7)^^^'fmHzm 

\^^^^^xy}f^(Dmmvx'mm'^^n^-^fzm(^. m 

mmm.'^mm.. fit, *Jifij^jiiis^^F„=nxv/ 



(2;rr ) 

r ; ^-f-VK^JD^fl, n=l, 2. 3, ■■■■ 

[ it^ii 1 0 ] i^mmm^^^m tLfz^t^m 
mt^msmstrzi±mm9i,z9mco^^^m^m 
mrnmrnm. 

iB^mj±oiJ'^^< t h 2-ycomm.m.^m^z&f:i,mti^ 
mm^M-iH L , ±ia»:tfi $ fifz&ti^mimitii- ^ . ^ 

[ifiRiMi 2] 94^hh\-^{t^^A-MzM^m-fh 

< ^: t 2':>coJlIiSS^^JSl^T-c7)J±;f3^tO¥%ffi*S:ai 

-t^^mt. ±imiii^tifz^m'^mmmx-'<Di±:^^m 

mm^comti-^y'^. h^^^t^mim^fzitsm^co 

izmmc^mm'-itmmmmw., 

m&coittmiii^tifzMmtf-i^^m^m^im.-t^x 
oizLfz^t^wwit -t^mm i2t tzimm 1 3 

[ imm 1 5 ] ±iimm.m^m<^ d . 1 ocDjuis^ 

S 3 0 0 H z-"! 2 0 OHztCia^L, ^ 3 1 "OtfOj^ig^ 

ifc^ii^ , ifSH^it ^Miamm-:^ifmmxhi^ s o 
oHz— 5000Hz t:ia^t-i> tthiZ. ±msMM 
mcr)m:fj^m'^i^mizm-i>±m-mmmmcom:fj^'^ 

^mc^ytti^^ishi§.js.^ fifzmmm^m:ti-zM-^^zi±^ ^ 

m.mz:it ^W'^t^^mim 1 2~ffii<ii i a<^^\-^^ 
ixMzMm<r>^mAmmM^w. 
[ msan. 16] fib^m^ mm^mmfmm.xm^ 

htt fritii ±timmmmt-^i!^ibfz^mmmim 
t . ±Mmm^fifzmij^m'^^m(nit t *^ ^>±iBas» 
m^x-m^hx o (c Lfz^ t i!i^mt~thmM i s iz 

1 7 ] ilB^ffi^^K^Sgi: titi i: 

mt-thmmi stfzimmie^zimcri^m^m 

[000 1] 
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[0002] 

t«^\^T«&ffi«ffi^fiS-r-2.:^i£ (#MT8-2 6 1 
9 9 3^^#, mW^9- 5 4 0 2 O^^fg) =5ri:*^'« 

[00 03] 

[0004] -^i^mm. mh(n^m^^zmf-xt£^fd-:i 

[00 0 5] 

BtX^^^ilfzijCOX^h. -t^hib. 11 



[0006] *f6Bg<oif*:a 1 tie««o^^ ^^f4m 

ii^-i-tf ^ -\'c7)^iT*c«^^a}-r ^ xdizLfzzt^ 

mmt't^h<:ox-$)^. tfz. tmm2iztmio^A^ 

X. mk'nwm.^mnx-am^^m\m%'i^-thm^ 

^i:o\,zLtzij<^x-h^. msm 3 tcieao ^ 4 ^mf 

<^-7A ^nii-^yi)-i^m^Lf^i>cox'hh . ft^4fcie 

<<zmm.i:<m^-t^fzib. mm^m^stcj; oi^ajsa 
/cm3$t=jtBtT. mM.]i^-^fu-z^m^m^mx'<^s.-n 

[0007] if 5 (CIBKCO^ ^ ^^ffl^^J^^ai^S 

lattice %> oT-fe ^ , If *ii 6 \ztm.<n 9 A ^^^T«®^ 

ai^ati:. 4 GHz, 8 0Hz,S.t^'l 3 0Hz#jfitt° 

-r^ i i: ^fijffl t. }Ltm&^fvrz^m£kmmmx 

LX . ±IBi±S]1^tB^gT'1^m§ix^c^MJ±c^ 2 0 0 H 

^-hi^A^m-^mmc^mmk^MHiL. ^imm^tifz 

9 A ^m^mm-t^ 9 a ^^^.m'kmmtz h coTh 
Mzxo. mmLfz&-^-tyv¥m.Mi±cy^Mm 

&mtiiX-^^\^-^9Ay°cr)ijCr,X-^'oXij. ^MffiSrl^tfi 

•ttzt tfi^m t^i>. if ^ 7 tiBtfti^ ^ A ^mf^ 

mmmmmii. ±mtmm 5 1 tzmmm e ^ztmco s 
A '^wmm-m^^n^i\:rz-m&mm(^m^, d tfg 
TtJ^^^^tti. iM9A^E(^{^^km.m\.zm'^^h 

[0008] mm^^izimjT)'? A^j^mmmA^m- 
}L%t9A^(nmn(nWES,znm-htz^. ±iai^t±i 

^ixfz^mri. 1 0 0HziJJlTOJlIMSt=^J^I*lT\ ^ 

^^m-h k^\,z Lfzhc7)x-hi> . mm. v v ksi 
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(t ^ J±*^» V^)Vi2 m Ltzm.f<zmM Ltzh COT- 

hh. iKL. mwmm.mm%F,= nxv/ {27cr) 

r ; ^-^^te^^D^f^, n=l, 2, 3, 

[0 0 0 9] t^^x. ^m^<^-^-{^ii^t.zmiLx 
V -y Y^-;^cr>w^mfim\L l . .rtL*^ s o o h z 5 

0 0 0 H z V -i-? fzmM^WX'(r>Wmi(ri^ i: ^ o T^l 

[0010] -^%mcomim 1 1 iztm<D^m^<^m 

J±Oii'-^:< t i 2':>tOjS|i^^^ii!«tfctt-S>J±;'3^ffi& 
t-th, lf«iBl 2tClEt!iOlf^att®«S^M{±. 

Jfi LT V 1 1. f&H^® ^ ft^-ri. J; o t c^-csb I. , 
ff^ill 3(c|BK^DWI^^JfS5gSHa, ±iBJ±^3^^tii 

[00 1 1 ] If^RiIl 5tiBttiOS&ffl^SIJt5t^ 

z-^i 2ooHztKSL. %,o\'y<r>w^mmm.^. 

W^<r>^ K)^^^ #®-:3rft ■& ^mx^ ^800Hz~5 

0 0 0 H z izm.^^h tthiz. ±immm.m<7)&tim 

m^imizM^^±tiWimmmcomts^m^imcokt 

i.crjThl. ±IE3 0 0Hz— 1 2 0 0Hz=SiStfctt 

hmmimmcom'oM,^cDm^i:smz<\^fzist). so 
oHz-5oooHz mmm^}^i^mmcr>m o ^^\ii^\-co 



nfLwm^-^mt^^mtLx. ±iB3ooHz~i2 

i?&wi;si«^^si. fib. ^mm^^MMmx 
Mm^mf^'^x. ^(Dh^ (DMmmmmmh ±iEJ± 

mmmimt . ^trnm^titzBti^m'^imc^itbii}- 
h±mmmi&^M.tii-t^Xz)^zLtzi,iDXh^. tfc. 
if^jRi 7 t,zsmcr>^m^mim.mm.ii. 

mtizmtx. ±iimmis.ime.'^mt Lfzi>ioxh 

[00 12] 

X. mmi^zm^Mm^h. 

mmmm 1 . mut. ^m^<^mm 1 f,zw>i)^ ^-(^ 

■^y^. 1 2{±mmiomgSri^m-r.g.iiite-fe>-^i 2a 
i^ma; §fT,;t ^mmmizm-^^ ^xm 

m^mm^^Mmmm^^. 1 3(±±iEi±^i'ty-tfcoai 
u-^ncr)mmm±<>zi5{f:^^mfs.jf^mmwimm lx 
mm.comm.m.^mi.zts (t«. j±Ai^ttto^±^fi&va^^^ 

ffi^F^KHiMSC*©. 1 4 -y rlEM#S 1 5 Mti^ 

tLfcS 0 0 H zm:C7)Jtligl:#:Sol±:^]^T±^ffi*^^> 
2 0 0 H z OTiOMi^^ife^J^ttzfctt-g.ffi^J^WJ^ot-^' 

1 6 h . 1 0 0 H ziiiTc^i^igit^isi^i-r. 1$^-!^ 
mm;mmzmtx^^tT^m:n^mco^mm-^^ 4 ^ 

MEoW4S^l^tH^I>^^^M®affi#iai 7t $:mt 

fz^A ^mi'^mmi^^m:-h ^tz. is is^^f t^c 
^i^ai^s 1 5 x-m^ "s^tttzm^AfM. ^ a ^wmi^ 
©1 6T-i^msn/-c^^^j±. sA^mmm.'A^'&Lxi 

-1. ^ ^^^T^«ifS#©-e^ D , i >f ^^=fT«tt 

^^^wmm:>iim^j:i^pMxhh^ h ^w^-f-^ 

9 A ^JH£T«^#S 1 8 B i: , 9 A trlF^-T ^ 

iS'^^m^WS^Sl SCt*-^>lfB!c§#ll., 

[0013] i^Mmr>mm.\x\t. ^A^n<r>^9&^ 

(b) :5'-<-\'rh-^-;Hc7)UAgB20ia 
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— jfRtc v-< n 7 ^ y Df hcoh ^mcomtimm 

h^bt^X-^h. 

[0 0 14] 03 {i, Mfi^<r>9-i'^n(r>Btin^±. 

<r)2mm.(^Mmi,ziiv^xmimm9 o km/h rt-^T 
m'&Lxmmm.m^x'^i'^Lfzi.^x'h^ . ttz. m4 

^ J; d t:, 7K??i!iO^S!v^'^x.y hSi^mmx-T^n-t^ 

^z^m^j:^mizmh. mz^ mnLtzis^-!^x'it^\-( h 
if 0 ^ V -^^mtii: . 8 0 0Hz &.±cosmmMmx-co h 

h"y-pwm*^imizm±L. mz. ]<xDyu~-y 

v^:ibti'^hti^h, —:H. ms^z^-t^^^^^HK^c^y^Wi 

^ „ ^tt^zi:^^ nm^m^ ^ a ^oy^^^rnxz i -c 
tfi-r i ifix'% i,zt timm^titi . l/::**^ t . ^ 

t:J; OM^StLyt. ±ISJ±±i-fey-9-l iX-mm^ixtz^' 

-i ^F^^O^MSO 8 0 0Hz lil±^Ojgig^lC'^J^t^Oj±^]^ 
±fa-? yT^fflViT. 8 0 0 H z jy,±c7)JW|}giS[^ 

[0015] mmmt)^^^-^ KnTi^-^y^-^^^^L 
(^mm^ ^ A ^miWMm^^^ i s (r>miWMm^^ 

® 1 8 A ti^ "9 . ^fflm/?)^'?l;P^^«FJT-^!, i h 

-rivj/^'^t^-rviimiisir-i. 8 0 0 uzm±a)m 



mmmmizt5if^B:^^'^i^mcommim^Lx. m 

ot)^^mi'thi.o\,z\.Xi,i.\-^. S^c. ilB^tfUi^ 

[0016] t.fz. *M-C{i, ^-^^ffii^I^S 1 

J; D . J±^3^«jffillSW5 1 3 X^WM-^ivl-z 1 0 0 H z 

SiatLTl-^-So P«c{4. iierJ'^-^ffiiai^gl 

6 tcfcl . ±iBIlI 3 (c^ Lfc::?' -=rF*lJ±^)t0^i!j«c7) 

b - 9 m&mi^ 4 0 H z wificfc ^ ^ ^oiB^-ai 

1 SO^-f-VffiffiTSS^Sl SBt-jMO. mmz^A 

A^'mss tLT V ^.g> -fe ^--tfTSi sii-^t^ti. m 1 <r>mmx 
1 6 tiin^ i 3 izmm-tiiix ^\ 

[0017] *M-C{4. St:, ^'-f^M^ffi^Sl 7 

t j; 19 , 1 0 0 H z J,:lTiOJljg^A^l^I^T\ 9 A ^Hte 

±ii^t^iwm(Dm»is.^mtfzM^izit. 9A 
^izmmtfi^ itmmL. ^comm ^ a ^m^wm 

S¥S 1 8 CO ^' ^ ^M^WS^S 1 8 c t;}^ 19 , ^« 

^ ^ A-cT^MS^^'^i t z. t ^m'^-th i a fc LT V ^ 

{4. ^<r>W'^if'^m\izm-hmzmiiifim& \^x^a^ 

±coimpniz?^^-f-^fzi^. ^tiiz^-^x^^-t^mm 
it:? A ^\B]^m.izmtxmmm^j:ijcr)t^x^ . -tcomm 
It. mtit. -^m^mmMm^A^com^. mmi o 

0km/hrT-*«Jl4Hz (—A) . 2SUz(r.i!K), 
4 2kHz . t^j:^. 3lS^^fB#T'i>, ^J' 

i a fc , jS± 1 fciiJSt=Sr iic^imt^^^ Lfz^^ 

fc{±. ±.IBt-^'^'<;;t':^iffiSfc:>^#<^l.cOT\ ^'-f 
^ fcM 5&><7)M^5&^'& t TV ^ i i: ^ti^. mi 

m fciKSfc-tm^ ^ A*x?tfeiit ^ ^ L . ±iBfe 
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^-f^tm^CT)^^-^}!^. Sl*lK7A±-r-l 0 0 km 

L. Wi'mmf\\-^fz. ±aiL7tj;ot. jIs^o^-^^t- 

S>-5Ti>. #^14Hz (— ii^) , 28Hz(z:iJ:), 42 
kHz (H;^) , i:V^5Mjfeitt:b°-^'>?)^'^-r^ 

t $ ^^jijlS i?- -1" ^tc>fd- L T 2 0 d B gJKy«^ V» o 

±lEJSI^t:i3ftl.a^^fc«<7)b-^'c7)2lg ( 6 d B ) 

n^^fzn<7^. mm\'MMmi.^.- n x v/ ( 2 ;r 

[0018] .IcOidtC. *^BJ3(7)^^ ^^^Tmi^^tH 

ji&i^aj^sffisi-fey^f 1 1 i:. ±iej±^i-fey-tfi it- 

h^mx.. mmm^9A^(ryim.^zx-yxmt'th9 
^^mm.i. <m^-thz)iifix'%h. t,fz. ^mw 

mo^mn^-y^\ \ x\ ^mcnAm^^^ a^\£. 

[ 0 0 1 9 ] . ±iElliifiO?!1ffi 1 Tii. SgHO^^ 

h^mz-y\ ^xmm \^tzii\ ^t\.^'t\.(r>mm^wm\izm 

^ ^EofiT^S^-r ^ ^EffiTS^^M, 

[0020] mAomm. 2. msn. ^^mmrnm 2 \>z 



2 1 {±j±S3^ififB?MS:^K 1 3TW$ft^^. If&ffl 
coyf D a S Sr g < V ^^IgSiT* -g> 3 0 0 H z — 

1 0 0 0 H z^^OjE:'3'^tfrT^1ii: . 1 0 0 0 H z — 

5 0 0 0 H z^mco!±:^^m^i^mtcoita kM-m-t^ 

ffi:^^«bffm#® 2 2 i; . ±iEJ±:^3^Wiibffm#S2 

2 XM.m S tt^c^ttJrt a cOffi*^ii> , ^ ^^^Jitlil t "C V ^ 

2 4ii±imm^mm^ms:2ixm&^fifz 
[ 0 0 2 1 ] iii9is. ±mm3X'^Ltz^'A ^\H}±^m 

COf~l!'ti^^. m^y&i'mmS 0 km/h r , 6 0 k 
m/hr. 9 0\^m/h.rX:hhm^cr)^ BOOHz — 

1 0 0 0 H z^mco}±ts^mw-t^mt . i o o o h z-^ 

5 0 0 0 H z^mc0j±:ti^m'fi^mt(0itacr,^^tk^ 
ibfzmx\ ^:r.-yh^X^^'0'Smx-mf-t^iIt\ tfz 

mmLfzi^A^iif±iia(Dmtfi±^<^'oxi5^. <r 

<^a ^fflu^ ^ t^zxr). sm^tm(^fmmkwi,zmm 
izmm^i>ztf/m^t^^':^., zcr)t^. immmim 
Mt±$iat<^mimkm\'^x. mmtt^^mmmkm. 

^Mio^mt:. mm. a<0. 5^^>a)a®*c 

m. 0. 5<a<0. 8^A,®^J±S4m b 
aSM-t") , 0. 8<a^j:i:><S>ikmfM (^^^ Fi^ 

P^Hc^^-f-l, i i: t J; 0 . ^tfi^tfeft-SKHOft 

2 3 i 0 , ffi^^^ibmm^g 2 2 tcio ^ 
TUtilSiXT'^. 3 0 0Hz — 1 OOOHz^i^OE^J^ 
tt)¥%ffli: . 1000Hz~5000 H z^^JSOE^J^ 

li. ±isif 2 4izm>o. mmi,zm 

[0022] 

[^MM] *^BHoS&H:(m*t^^fi2 0 ^fftUtfcm 

W2r. ?£^#{f§h7i<vli?l OmmCO'^X-y Ng&tfcV^T. if 
iaS.W^^-^-Vc7)-tttmT\ 30km/hr, 60 
km/hr, 9 0 km/h r "CSI^tC^tTLT^/ci: ^ 
6 . mffaCO ^ A ^Tii 6 0 k m/ h r . 9 0 

k m/ h r T^fePt cOSIg A-^'^it A> tlfc „ -^T . 1*^ ^ 
^X'\i. 6 0 k m/ h r J.:i±-C-fe|5^c7)»#5&i'^ii: ^> ^1 
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[0023] .rcDiat:, :^mmmm 2 i,zxtni. je 
sm^M D ^ § coimiS:tifi<z <v^300Hz— 100 

OUz^mcO&MnW-i^ltt. 1 00 0Hz~5 0 0 

\^hnmwk. ©M^mi («<o. 5) , ©^tis 

( 0. 5<a<0. 8) . (3)m^fc« (0. 8< 

it D ^ § iWmmTW^-t^ i ^: -g> J; 3 (cffijig L 
i5^McOffl?*J2coS§H4:ft«J.fiSga2 0 ^ . iie^fSc^ 

mm ICO ^4 ^M^yvmrniumm. i o tca^^at^ ztt,z 

[00 24] 

mmcomw.'i ]i}.±mmLfzJ:oi,z^^mizj:nii. ^ 

te^tU^MeSffi-r ^ ^ ifi-^i t.fz. ^^HHT- 



[02] ^-mm(mm i hw.-n^ v^ommm 

[03] ^A \n^^v^ivo:>mmmmmm:^ 

[04] \<^-miv^)v<r>mmm^i^^^^^ 

[US] mn-^t- ^>«itt5 1 ia*ii«^ t «ssm 

[He] ^aii±*io^fit:r aos Lfc ^' ^^i± 

[08] 3t5Mfeco?f^», 2 tcf^;b h S&Htt«*iSSSiO 

[09] ^A ^nw^(^vc^% h a i^^-fbSr^-rs 
10 ^j'-^^^tf^mitmsK. 11 mn^y^. i 

2 *af^m#S. 1 2 a [lISK-fe>'-9-. 1 3 J±^l^ 

wfffiaff^ia. 14 ^-^^^^Tmi^m^s, 15 
^^fmi^^ffi^a. 1 6 ^^-^jiEtiw^, 17 
^^M;tKtu¥i5. 18 ^•^^^tmwss^s. 1 
8 A I8B ^A^w^Ym^^ 

ISC ^-^^M^ws^s. 20 imAmm^ 
sa, 2 1 e§H^m«5E#s, 2 2 i±±i^t&i:t»tH 
2 3 nwrnm^^^. 2 a 



[01] 
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y=0.0465x+28.496 ._ 
r2== 0.981 
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r y=0.S97x-0.879 - 
R^= 0.998 



50 100 150 200 250 300 350 
aW^mff (kPa) 



SO LOO 150 200 250 300 350 



OdB«2x10'^ 
dBA(P4 
120 



[07] 

WOkm/h 



'S'100 
i 80 
1 80 
m 40 
20 



20 



40 60 



BO 



100 



[08] 



2 0 



1 2 



1 1 



1 3 



.2 2 



_2 3 



Sill 



. 2 4 



Patent provided by Sughrue Mion, PLLC - http;//V/ww.sughrije,co5Ti 



:(9) 002-240520 (P2002 -mm 




Patent provided by Sughrue Mon, PLLC - http;//V/ww.sughrije,co5Ti 



